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(4) Lastly, the subsidence of land might give a suit¬ 
able foundation on which a reef could build up to the 
surface either as an atoll or subsequently to form one. 
It has no doubt constantly produced large areas where 
(1) and (2) could act, but, where it has directly brought 
about the formation of atolls, it has probably been a 
purely local phenomenon. In no case can the mere 
existence of any atoll or reef be considered as evidence 
of any subsidence. Certain elevated reefs appear 
possibly to have owed their origin to this mode of form¬ 
ation, but there is no definite evidence in support of 
it for any existing reef, though certain reefs in the 
East Indies and to the south-west of the Indian Ocean 
may have so originated. 

The first three modes, of formation resemble one 
another in that to produce the characteristic forms of 
reefs they depend on factors which can be clearly seen 
in progress at the present day. Indeed, on each atoll 
may be found the same influences at work as produced 
its structure and appearance. The topography of the 
numerous submerged tropical banks of the Indo- 
Paeific region, that reach within 50 fathoms of the 
surface, strongly supports (1) and (2), but the examin¬ 
ation of others at greater depths, such as the Saya 
de Malha and Nazareth, is exceedingly desirable. 
More light, too, is imperatively demanded on the con¬ 
ditions and life of atoll slopes and shoals from 50 to 
500 fathoms, where the characteristic deep-sea con¬ 
ditions would seem to prevail. The study of the fauna 
also down to these depths over any large region or 
ocean may confidently be expected to throw a flood of 
light on the distribution of marine forms, and thus 
enable us to predict with some additional degree of 
certainty the former distribution of land and sea. 

J. Stanley Gardiner. 


PHOTO-TELEPHON Y. 

HE transmission of speech by light was first 
realised nearly a quarter of a century ago by the 
invention of Prof. Graham Bell’s photophone, a full 
description of which will be found in Nature, vol. 
xxiii. p. 15. The transmitting instrument contained a 
small silvered disc or diaphragm of thin microscope 
cover-glass, which was clamped around the circum¬ 
ference like the diaphragm of a telephone. The 
receiver was a large parabolic mirror, at the focus of 
which was fixed a selenium cell in circuit with a tele¬ 
phone and battery. A beam of light from the sun or an 
electric lamp was reflected by the silvered diaphragm 
to the parabolic mirror, which concentrated the rays 
upon the selenium cell. The speaker’s voice was 
directed upon the back of the diaphragm, causing it 
to vibrate in correspondence with the sound waves; 
the rapid changes in the curvature of its surface which 
accompanied the to and fro movements of the central 
parts of the diaphragm varied the concentration of the 
light upon the selenium, and since the conductivity of 
the selenium varied with the illumination, sounds were 
produced in the telephone similar to those by which the 
transmitting diaphragm was agitated.. 

Though the performance of the photophone was for 
short distances surprisingly perfect, it failed for several 
reasons to give satisfactory results when the trans¬ 
mitter and the receiver were separated by more than 
two or three hundred yards, and for a long time all 
attempts to render the invention practically useful were 
abandoned. The resuscitation of the photophone in a 
modified form has resulted from the recent discovery 
of the “ speaking arc.” 

A few years ago Dr. H. T. Simon, of Gdttingen, 
having noticed the curious sounds given out by an arc 
lamp when one of its leads happened to be near a wire 
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supplying intermittent currents to an induction coil, 
was led to try the effect of superposing a microphone 
current upon the current feeding the lamp. With this 
object he interposed the secondary coil of a suitable 
transformer into one of the lamp leads, while the 
primary coil was connected in circuit with a battery 
of two or three cells and an ordinary microphone, the 
latter being placed in a distant room. Words spoken 
into the microphone were distinctly repeated by the arc, 
which was found to constitute an excellent telephone 
receiver. The simple arrangement originally em¬ 
ployed by Dr. Simon has since been modified in some 
details, notably by Mr. W. Duddell, who in 1900 
caused an arc lamp to address a large audience in the 
hall of the Institution of Civil Engineers. 1 That such 
an effect should be produced by so small a cause as 
the feeble induced microphonic currents is surprising; 
Mr. Duddell has, however, shown experimentally that 
a periodic variation of the order of 1 part in 10,000 of 
the mean current supplying the arc will alter the vapour 
column sufficiently to. produce sound-waves. 

No change of luminosity while the arc is talking can 
be recognised by the eye, but if the light is caused to 
pass through a transverse slit upon a moving kine- 
matograph film the developed negative shows a 
succession of narrow bands of varying brightness, 
indicating that considerable changes actually do occur 
in the intensity of the light. 

Prof. Graham Bell suggested in 1899 that the speak¬ 
ing arc might be used as transmitter in phonographic 
work. His sug-gestion has been followed up with 
conspicuous success by Dr. Simon himself and by Mr. 
Ernst Ruhmer, of Berlin, the latter having been able 
to transmit intelligible speech across distances up to 
15 kilometres. As a transmitter he uses a search¬ 
light projector having a parabolic mirror of silvered 
glass at the focus of which is the speaking arc; the 
carbons are placed horizontally along the axis of the 
mirror with the positive carbon outwards. A small 
telescope serving as a finder may conveniently be 
attached to the projector. The light is received, as in 
the older apparatus, by another parabolic reflector 
having a cylindrical selenium cell fixed axially at its 
focus. It is chiefly to the peculiar quality of his 
selenium cells that Mr. Ruhmer attributes the excel¬ 
lence of his results. The cells are of a pattern pro¬ 
posed by the present writer in 1880 (Nature, vol. xxiii. 
p. 59). Two thin wires serving as electrodes are 
wound spirally, very close together but not touching, 
around a cylinder of unglazed porcelain, upon which 
a fine double screw-thread (to receive the 'wires) has 
been formed before baking. The surface 0/ the 
cylinder is covered with a thin coating of selenium, 
which is afterwards crystallised; thus the two wire 
electrodes are joined throughout their length by the 
sensitive substance. Great importance is attached to 
the mode in which the crystallisation is effected. 
Vitreous selenium may be crystallised either, as is 
usually done, by gradually heating it up to a tempera¬ 
ture somewhat above ioo° C. or by melting it at a 
high temperature—about 250° —and letting it gradually 
cool down. In the latter case the crystalline surface 
appears to be of a coarsely granular structure, and it 
has long been known to the writer that selenium thus 
prepared is much less affected, as regards conduc¬ 
tivity, by changes from darkness to light than the fine¬ 
grained variety obtained by the other process. This 
is confirmed by Mr. Ruhmer, but he has added the 
further interesting observation that- the coarse-grained 
kind—“ soft ” selenium he calls it—is immensely more 
sensitive than the other, or “ hard ’* selenium, to small 
changes of illumination, and, moreover, that it re- 

1 A detailed description of his apparatus is given in Journ. Inst. 
Electrical Engineers, vol. xxx. p. 240. 
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Sponds to such changes far more quickly. Hence it 
Is particularly well suited for use m a photophonic re¬ 
ceiver. It is found advantageous to enclosfe. the 
selenium cell in an exhausted glass bulb, like that of 
an ordinary glow lamp. 

In order that the apparatus may be serviceable when 
the atmosphere is too misty, or the distance too great, 
to admit of the transmission of speech, Mr. Ruhmer 
has provided an arrangement for telegraphing audible 
Morse signals to the receiving station. The micro¬ 
phone is taken out of the circuit, and an automatic 
current interrupter, or “ buzzer, ” inserted in its place. 
When this is operating, the arc emits a loud continuous 
note, which can be broken up into periods correspond¬ 
ing to dots- and dashes by a simple key in the primary 
circuit. Such signals are plainly heard in the receiving 
telephone when speech would be inaudible, and the 
device is superior to the heliograph in that the signals 
may be made more rapidly, and cannot possibly be 
detected by parties for whom they are not intended. 

It is said that the whole of the apparatus here de¬ 
scribed is now being manufactured commercially by a 
leading firm in Germany. 

Shelford Bidwell. 


NOTES. 

The centenary of the death of Immanuel Kant was cele¬ 
brated on February 12 by the University and the town of 
Konigsberg, in the presence of the Prussian Minister of 
Education, Dr. Studt, and various representatives of German 
academic corporations. A short article inspired by the 
occasion appears elsewhere in this issue. The proceedings 
began, says the Berlin correspondent of the Times, with the 
unveiling of a memorial tablet by Dr. Studt, who' delivered 
a message from the Emperor William, and referred in the 
course of an address to the services which Kant had rendered 
to learning and to the world. The Minister further 
announced that he had assigned a sum equal to 500I. from 
the public resources at his disposal in support of the teachers’ 
aid fund. The town of Konigsberg has devoted a similar 
sum to the foundation of an annual prize for essays on 
philosophical subjects. On the memorial tablet which was 
unveiled on the wall of the Royal Castle in the Kantstrasse 
is inscribed the well-known saying of Kant :—“ The starry 
sky above me, and the moral law within me.” In com¬ 
memoration of this anniversary a special meeting of the 
British Academy was held on Friday, and a paper upon 
Kant’s work and influence was read by Dr. Shadworth 
Hodgson. 

Some considerable rearrangements have been made in the 
museums at the Royal Botanic Gardens, Kew. A new 
gallery 130 feet long by 16 feet wide at the back of museum 
No. iii. was opened on February 1. To this the entire 
collection of Gymnosperms (Conifers, Cycads and Gnetaceas, 
including Welwitschia) has been transferred. The space in 
museum No. i. thus set free has been utilised in making 
a more effective display of its contents, which had become 
very crowded. The well-lighted wall-space in the new 
gallery has enabled the collection of maps and plans of the 
establishment at various periods to be brought together. 
Several of these have been contributed by H.M. the late 
Queen and by H.M.’s Office of Works, and are of consider¬ 
able historical interest. A set of the fine photographs of 
Kew in its various aspects which were sent by the Govern¬ 
ment to the Paris Exhibition of 1900 are also shown, as 
well as an extensive series of photographs of coniferous trees 
in their native countries. 
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The eighth International. Geographical Congress, which 
will meet at Washington, D.C., in September next, will be 
the first international meeting of geographers in the 
western hemisphere. The congress will convene in Wash¬ 
ington on Thursday, September 8, in the new home of the 
National Geographic Society, and will hold sessions on 
September 9 and 10, the latter under the auspices of the 
Geographic Society of Baltimore. Leaving Washington on 
September 12, the members, associates and guests of the 
congress Will be entertained during that day by the Geo¬ 
graphical Society of Philadelphia, and on September 13, 14 
and 15 by the American Geographical Society in New York, 
where scientific sessions will be held ; on September 16 they 
will have the opportunity of visiting Niagara Falls (en route 
westward by special train), and on September 17 will be 
entertained by the Geographic Society of Chicago; and on 
September 19 and 20 they will be invited to participate in 
the International Congress connected with the World’s Fair 
in St. Louis. The subjects for treatment and discussion in 
the congress are classified as follows —(1) Physical geo¬ 
graphy, including geomorphology, meteorology, hydrology, 
&c. ; (2) mathematical geography, including geodesy and 
geophysics; (3) biogeography, including botany and zoology 
in their geographic aspects; (4) anthropogeography, in¬ 
cluding ethnology ; (5) descriptive geography, including ex¬ 
plorations and surveys; (6) geographic technology, including 
cartography, bibliography, &c. ; (7) commercial and in¬ 
dustrial geography; (8) history of geography; (9) geo¬ 
graphic education. All correspondence relating to the 
congress and all remittances should be addressed, The 
Eighth International Geographic Congress, Hubbard 
Memorial Hall, Washington, D.C., U.S.A. 

The death is announced of M. Firmin Bocourt at the age 
of eighty-five years. M. Bocourt was formerly curator of 
the Paris Museum of Natural History, and during his life 
took part in important expeditions to Siam, Mexico, and to 
Central America. 

The British Medical Journal announces that the Senatus 
Academicus of the University of Edinburgh has awarded the 
Cameron prize in practical therapeutics to Prof. Niels R. 
Finsen, of Copenhagen, in recognition of his pioneer work 
in connection with the application of. light rays to the 
treatment of disease. 

At the jubilee meeting of the Royal Scottish Arbori- 
cultural Society held in Edinburgh on Tuesday, a resolution 
was agreed to expressing the opinion that the Board of 
Agriculture should now take steps to give effect to the re¬ 
commendation of the departmental committee on forestry, 
so far as Scotland was concerned, by providing an estate 
to serve as a State forest demonstration area, and also by 
providing experimental plots in connection with Edinburgh 
University. The motion also expressed the view that 
forestry education in the country would not be adequately 
provided for until these facilities were provided and a 
thoroughly equipped forestry school was established in 
Scotland. 

On Tuesday next, February 23, Mr. F. Fox well will de¬ 
liver the first of three lectures at the Royal Institution on 
“ Japanese Life and Character,” and on Thursday, February 
25, Prof. H. L. Callendar will commence a course of three 
lectures on “Electrical Methods of Measuring Tempera¬ 
ture.” The Friday evening discourse on February 26 will 
be delivered by Mr. Alexander Siemens, his subject being 
“ New Developments' in Electric Railways ” ; on March 4 by 
Prof. W. Stirling, on “ Breathing in Living Things and 
on March 11 by Prof. F. T. Trouton, on the “ Motion of 
Viscous Substances.” 
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